Purpose This study aimed to compare the diagnostic value of Conclusions FDG PET/CT showed superior diagnostic accuracy compared to MRI in detecting pelvic and para-aortic LN metastasis in patients with uterine carcinosarcoma. Moreover, FDG PET/CT facilitated the identification of distant metastasis.
Introduction
Uterine carcinosarcoma, also known as malignant mixed Mullerian tumor (MMMT), is a neoplasm composed of epithelial and mesenchymal elements [1, 2] . It is a rare tumor that accounts for less than 5% of all uterine malignancies [3] . Uterine carcinosarcoma behaves aggressively and has a poor prognosis, with a 5-year survival rate of 33-39% [1] . Similar to endometrial cancer, uterine carcinosarcoma is staged using the International Federation of Obstetrics and Gynecology (FIGO) staging system [4] . While most endometrial cancer presents at an early stage, only 40-60% of women with carcinosarcoma present with stage I or II disease [5] . Uterine carcinosarcoma, like endometrial carcinoma, spreads via lymphatic routes, and metastases are usually composed of epithelial elements [6] .
Regarding the prognosis of uterine carcinosarcoma, stage, depth of myometrial invasion, lymphovascular invasion, adnexal and uterine serosa involvement, and lymph node metastases are known risk factors [7] . Precise assessment of the tumor extent and lymphatic metastasis in uterine carcinosarcoma is important to optimize treatment planning and patient outcomes. Magnetic resonance imaging (MRI) is widely used for the preoperative evaluation of uterine carcinoma and carcinosarcoma [8] . Along with MRI, 18 F-fluorodeoxyglucose positron emission tomography/computed tomography (FDG PET/CT) has been reported to enable more exact preoperative planning in patients with uterine carcinosarcoma, especially for the detection of metastatic lymph nodes [9] . However, few studies on FDG PET/CT in patients with uterine carcinosarcoma have been conducted due to the low incidence of the disease [4, [9] [10] [11] [12] .
The purpose of this study was to compare the diagnostic accuracy of FDG PET/CT and MRI in the preoperative evaluation of uterine carcinosarcoma.
Materials and Methods

Patients
Among 59 patients with pathologically confirmed uterine carcinosarcoma at a single hospital from June 2006 to November 2016, 54 women (median age 60 years, range 30-81 years) who underwent preoperative MRI and FDG PET/CT were included in this retrospective study. Five patients were excluded because MRI was not performed in these patients. This study was approved by the institutional review board, and written informed consent was waived owing to the retrospective design of the study.
PET/CT Protocol
Imaging was performed using either the Biograph TruePoint 40 PET/CT scanner (Siemens Healthcare, Erlangen, Germany) or Discovery 600 PET/CT scanner (GE Healthcare, Waukesha, WI, USA). All patients fasted for at least 6 h, and blood glucose levels were confirmed to be lower than 140 mg/dL before FDG injection. A dose of 5.5 MBq/kg of FDG was administered to the patients intravenously, and scanning was performed at 60 min after injection. After the initial low-dose CT (Biograph TruePoint 40: 36 mA, 120 kVp; Discovery 600: 30 mA, 130 kVp), standard PET imaging was performed from the neck to the proximal thighs with an acquisition time of 3 min per bed position in the threedimensional mode. PET images were reconstructed iteratively with CT-based attenuation correction.
MRI Protocol
MRI was performed on a 1.5-Tesla scanner (Achieva, Philips Medical Systems, Best, Netherlands) with a SENSE-body coil. Axial, sagittal, and coronal spin-echo T2-weighted images (repetition time/echo time (TR/TE), 3632-4182/90 ms; slice thickness, 5 mm; number of excitations (NEX), 2; field of view (FOV), 240 mm; matrix, 512 × 256) of the pelvis were acquired. Axial spin-echo T1-weighted images (TR/TE, 678.2/11 ms; slice thickness, 5 mm; NEX, 3; FOV, 240 mm; matrix, 256 × 256) were acquired. Gradient-echo precontrast fat-suppressed sagittal T1-weighted images (THRIVE: TR/ TE, 3.1/1.9 ms; slice thickness, 4 mm; NEX, 1; echo-train length, 48; FOV, 370 mm; matrix, 336 × 307) were also acquired. After the injection of gadolinium chelate (Dotarem; Guerbet, Aulnay-sous-Bois, France) intravenously, contrastenhanced T1-weighted axial images (THRIVE: TR/TE, 4.5/ 2.2 ms; slice thickness, 4 mm; NEX, 1; echo-train length, 60; FOV, 400 mm; matrix, 320 × 224) were acquired.
Surgical Staging
All patients underwent surgical staging, comprising hysterectomy, bilateral salpingo-oophorectomy, pelvic and/or paraaortic LN dissection, peritoneal washing cytology, omentectomy, and surgical excision or biopsy for suspected peritoneal seeding lesions. Bilateral pelvic LN dissection consisted of removing LNs from the internal iliac, the external iliac and common iliac vessels, and the obturator fossa. Paraaortic LNs were dissected from pre-caval, aortocaval, and lower right and left para-aortic LNs to the level of the renal hilum. Peritoneal seeding metastasis was diagnosed upon dissection of suspicious sites in the abdominal pelvic cavity and peritoneal washing cytology. Distant metastasis was confirmed upon biopsy of suspicious sites and other imaging findings or progression on follow-up images.
Image Analysis
All PET/CT images were registered using a fusion module in the imaging software MIM (MIM-6.5; MIM software Inc., Cleveland, OH, USA) on a dedicated workstation and were reviewed and analyzed by two nuclear medicine physicians. Sizes of primary tumors were determined on images. Findings were considered positive for primary lesion or LN metastasis on FDG PET/CT when focally higher FDG uptake than that in the surrounding tissue was seen in the locations corresponding to the lesions on the CT images. The volume of interest (VOI) was drawn on the primary tumor or LN based on the contour observed on CT, and the maximum standardized uptake value (SUVmax) was recorded. In addition, the mean SUV (SUVmean) of the liver was obtained by drawing VOI with a 1-cm-sized diameter on the normal liver parenchyma of the right hepatic lobe. The tumor-to-liver ratio (TLR) was calculated by dividing the SUVmax of the primary tumor or LN by the SUVmean of the liver. The criterion for LN metastasis on MRI was a short diameter of the pelvic or para-aortic LN of more than 1 cm [13] . Pathologic findings from primary tumor lesions, para-aortic and pelvic LN areas, and peritoneal seeding were compared with the preoperative MRI and FDG PET/CT findings on a patient-basis.
Statistics
The sensitivity, specificity, accuracy, positive predictive value (PPV), and negative predictive value (NPV) were evaluated.
Diagnostic performances of PET/CT and MRI were compared using R Core Team (R Foundation for Statistical Computing, Vienna, Austria; https://www.R-project.org/) with package DTComPair for R (R package ver. 1.0.3). All analyses were performed using IBM SPSS Statistics 23.0 (IBM Corp., Armonk, NY, USA). Statistical significance was defined by a p value < 0.05 for all statistical analyses. ROC curves were analyzed to evaluate the ability of the SUVmax and TLR to identify para-aortic LN metastasis.
Results
Patient Characteristics
Patient characteristics are summarized in Table 1 . Among the 54 patients (median age: 60 years, range 30-81 years) with uterine carcinosarcoma, 46 (85.2%) patients were postmenopausal. The median time interval between FDG PET/CT and MRI was 1 day (range 0-36 days). The median times from FDG PET/CT and MRI to the staging operation were 4 (range 0-34 days) and 5 days (range 0-43 days), respectively. All patients underwent hysterectomy, bilateral salpingo-oophorectomy, and pelvic LN dissection. Para-aortic LN dissection was performed in 46 patients, peritoneal washing cytology in 48 patients, omentectomy in 37 patients, and surgical excision or biopsy for suspected peritoneal seeding lesions in 21 patients. In eight cases of distant metastasis, three patients were confirmed upon biopsy of suspicious sites, and five patients were diagnosed from imaging findings or progression on follow-up images.
Evaluation of FDG PET/CT and MRI in Detecting Primary Lesions
In the detection of primary tumor lesions, 53 of 54 patients (98.2%) had true positive findings. One patient had false negative results showing no delineable lesion with FDG uptake in the uterus on both FDG PET/CT and MRI. That patient underwent biopsy before the imaging studies: after staging surgery, residual carcinosarcoma presenting as an ill-defined shallow ulcerative lesion in the endometrial mucosa, measuring 1 × 0.5 cm was found on pathology. The median SUVmax of the primary tumor was 15.34 (range 3.17-40.73), and the median TLR was 6.38 (range 1.22-15.22).
Evaluation of FDG PET/CT and MRI in Detecting Pelvic and Para-aortic LN Metastases
For pelvic and para-aortic LN areas, the sensitivity, specificity, accuracy, PPV, and NPV of FDG PET/CT versus MRI are presented in Table 2 ROC curve analysis was performed to determine the cutoff value of the SUVmax for detecting para-aortic LN metastasis (Fig. 3) . With a cutoff value of 3.89, a sensitivity of 83.3% and specificity of 75.0% were obtained (area under the curve (AUC) 0.771, p = 0.041). Furthermore, the optimal cutoff value of the TLR for detecting para-aortic LN metastasis was 1.54, with a sensitivity of 91.7% and specificity of 75.0% (AUC 0.833, p = 0.005). 
Evaluation of FDG PET/CT and MRI in Detecting Peritoneal Seeding Metastases
For peritoneal seeding lesions, the sensitivity, specificity, accuracy, PPV, and NPV of FDG PET/CT versus MRI are provided in Table 3 . Three more peritoneal seeding metastases were detected on FDG PET/CT than on MRI (p = 0.083 for difference in sensitivity). Gross peritoneal seeding lesions were seen in four patients, and peritoneal washing cytology was positive in 28 patients.
Evaluation of FDG PET/CT in Detecting Distant Metastases
FDG PET/CT detected distant metastases in eight patients (14.8%). The sensitivity, specificity, accuracy, PPV, and NPV of FDG PET/CT are listed in Table 3 . Lesions of the lung (n = 4), liver (n = 3), left supraclavicular LN (n = 3), hilar and mediastinal LN metastasis (n = 2), and bone (n = 2) were detected. One patient had a false positive result showing increased FDG uptake in the hilar and mediastinal LNs. These enhanced MRI of heterogeneous endometrial mass with large-sized paraaortic (14 mm), and e right external iliac LNs (11 mm) which suggest uterine malignancy with pelvic and para-aortic LN metastasis. After surgery, uterine carcinosarcoma with para-aortic, right external iliac LN metastasis, and peritoneal seeding metastasis was confirmed. Yellow arrows indicate para-aortic and pelvic LN metastasis were deemed reactive LNs in light of the absence of interval change on FDG PET/CT after 5 months. Figure 4 shows a representative case of a patient with lung and liver metastasis.
Discussion
FIGO staging has been identified as the most important prognostic factor for patients with uterine carcinosarcoma [14] . About 60% of patients with carcinosarcoma demonstrate extrauterine extension at diagnosis and 10% have distant metastases, including those with apparent earlystage disease [15] . Preoperative staging through imaging is useful for determining the extent of surgery. The National Comprehensive Cancer Network (NCCN) guidelines for uterine neoplasm recommend that MRI and FDG PET/CT be used to evaluate disease extent and metastatic disease [16] . To our knowledge, only one previous study has investigated the validity of MRI and FDG PET/CT in the preoperative evaluation of uterine carcinoma, in which it was suggested that FDG PET/CT may be useful to detect LN metastasis and extrauterine metastases as well as primary lesions [9] . In this study, both FDG PET/CT and MRI showed a high sensitivity (98.2%) for detecting primary tumors, which is consistent with the findings of a previous study (sensitivity 98.1%) [9] . One false negative result may have been caused by a small residual volume of the tumor after a biopsy procedure. There were no negative pathologic results for primary lesions in this study, and the SUVmax of all primary tumors was higher than the liver uptake.
For detecting pelvic LN metastasis, the sensitivity of FDG PET/CT was 63.2%, which was higher than that of MRI (26.3%). In addition, for detecting para-aortic LN metastasis, the sensitivity of FDG PET/CT was 85.7%, which was also higher than that of MRI (42.9%). These results are consistent with a previous study in which FDG PET/CT showed a higher sensitivity than MRI for detecting pelvic LN metastasis (61.1% versus 50%) and para-aortic LN metastasis (77.8% versus 51.9%) [9] . In the detection of LN metastases, MRI is limited by the fact that the LN size is a major factor for [17] . In contrast, FDG PET/CT is capable of capturing metabolic information, which has been reported to be useful for detecting metastatic LNs in cervical and endometrial cancer [18, 19] . In the detection of pelvic LN metastasis, there was no incidence of false positivity, and the specificity was 100% for both FDG PET/CT and MRI. For detecting para-aortic LN metastasis, the specificity of FDG PET/CT was 90%, which was lower than that of MRI (97.5%). Four patients had false positive results. These findings are similar to those of a previous study in which FDG PET/CT showed a lower specificity (90.2% vs. 100%) than MRI for paraaortic metastasis [9] . According to the NCCN guidelines, the standard treatment for uterine carcinosarcoma is hysterectomy with bilateral salpingo-oophorectomy, pelvic lymphadenectomy, and para-aortic lymph node sampling with peritoneal washings, although the additional benefit of lymphadenectomy remains controversial [14, 16, 20, 21] . Owing to the high NPV of FDG PET/CT for pelvic (83.3%) and para-aortic (94.7%) LN metastasis, we might opt to reduce the performance of unnecessary lymphadenectomy and postoperative complications, such as lymphocele for selected patients in poor condition who could be considered for adjuvant treatment.
FDG PET/CT was useful for detecting distant metastasis. For patients with advanced unresectable uterine carcinosarcoma, aggressive treatment did not seem to change the poor outcome of the disease. Palliative therapy should be considered for patients with clinically advanced stage disease in order to avoid the needless suffering of patients and improve cost-effectiveness [10] . Distant metastatic sites included the lung (n = 4), liver (n = 3), left supraclavicular LN (n = 3), hilar and mediastinal LNs (n = 2), and bone (n = 2).
There were some limitations to this study. First, due to the nature of this retrospective study, bias in patient selection might have been introduced, and we could not control scheduling of the images, biopsy, and surgery. Further prospective studies are needed to address this. Second, this study included a small number of patients. However, because the disorder is so rare, this was the second largest study on uterine carcinosarcoma. Third, this study was patient-based, as opposed to lesion-based, due to the difficulty of matching the lesions seen on images with pathologically confirmed sites.
Conclusion
The diagnostic accuracy of FDG PET/CT was superior to that of MRI for detecting pelvic and para-aortic LN metastasis in patients with uterine carcinosarcoma. In addition, FDG PET/CT was particularly helpful in identifying distant metastasis.
